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SUMMARY: As part of a long-range, prospective study of the health 
effects of air pollution, approximately 8,000 children from 6 yrs 
to 10 yrs of age from 6 communities had questionnaires completed 
by their parents and had simple spirometry performed! in school. 
Comparisons were made between children living in homes with gas 
stoves and those living in homes with electric stoves. Children 
from households with gas stoves had a greater history of respiratory 
illness before age 2 (average difference, 32.5/1,000 children) and 
small but significantly lower levels of FEV1 and FVC corrected for 
height (average difference, 16 ml and 18 ml, respectively). These 
findings were not explained by differences in social class or by 
parental smoking habits. Measurements taken in the homes for 24—h 
periods showed that N02 levels were 4 to 7 times higher in homes 
with gas stoves than in homes with electric stoves. However, these 
24-h measurements were generally well below the current federal 
24-h outdoor standard of 100 ug/m3. Short-term peak exposures, 
which were in excess of 1,100 ug/m3, regularly occurred in kitchens. 
Further work will be required to determine the importance of these 
short-term peaks in explaining the effects noted. 
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SUMMARY_ 

Av pan of a long-range, prospective study of the health effects of air pollution, approximately 1,000 chil¬ 
dren from 6 yrs to 10 yrs of age from 6 communities had questionnaires completed by their parents and 
had simple spirometry performed in school. Comparisons were made between children living in homes 
with gas stoves and those living in homes with electric stoves. Children from households with gas stoves 
had a greater history of respiratory illness before age 2 (average difference, 32.5/1,000 children) and 
small but significantly lower levels of FEV, and FVC corrected for height (average difference, 16 ml and 
18 ml. respectively). These findings were not explained by differences in social class or by parental smok¬ 
ing habits. Measurements taken in the homes for 24-h periods showed that NO, levels were 4 to 7 times 
higher in homes with gas stoves than in homes with electric stoves. However, these 24-h measurements 
were generally well below ihccuncm fcdbtal 24-h outdoor standard of Uk)yg/m*. Short term peak expo¬ 
sures. which were in excess of 1,100 ^g/rn*. regularly occurred in kitchens, hurt her work will be required 
to determine the importance of these shoroternt peaks in explaining the effects noted. 


Introduction 

There is little doubt that NO, at high concentra¬ 
tion is associated with acute pulmonary edema 
and death. Silo filler's disease in which farmers 
are exposed to concentrations of NO, in excess of 
200 ppm (376,000 yg/nV) with a resultant occur¬ 
rence of acute pulmonary disease and occasionally 
death was described in the 1950s (I). Farmers sur¬ 
viving such exposures can develop pulmonary fi¬ 
brosis. 

(Afrtrnrd tn original form July 2. 1979 and m revised 
form October /d, 1979) 
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Recently, concern over the effects of indoor ex¬ 
posure to lesser concentrations of NO,, both re¬ 
peated short-term peak exposure and continuous 
low exposure, has kd to studies of children (2) 
and housewives (3) but with inconsistent results. 
Mclia and co-workers (2) from Great Britain re¬ 
ported higher rales or lower respiratory disease in 
school children living in households with gas 
cooking stoves than in those living in households 
with electric stoves. These differences in rates 
could not be explained by social class or differ¬ 
ences In household size. However, this study did 
not take into account the smoking habits of the 
parents of these children. Subsequently, Mclia 
and co-workers (4) found that households with 
gas cooking stoves had 7 times higher concentra¬ 
tions of NO, in the kitchen than did matched 
households with electric cooking devices. Similar 
studies in the United States found concentrations 


Japan, Honolulu, Hawaii and at American Thoracic 
Society Meeting, May 1979, Las Vegas, Nevada. 
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School of Public Health, 66 < Huntington Ave., Boston, 
Man. 02115. 
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of NO, 4 times greater in kitchens of households 
with gas stoves than in those with electric stoves 
(5), The NO, appears to be produced by the oxi¬ 
dation of NO when natural gas as a fuel for cook* 
tng is burned in the atmosphere. The conversion is 
rapid, and the NO, spreads quickly throughout 
the house. In contrast to the Melia study of chil¬ 
dren (2)* a study of adult women living and work¬ 
ing in households with gas stoves compared with 
those living and working in households with elec¬ 
tric stoves did not show increased respiratory dis¬ 
ease rates (3). 

The results reported here were obtained as part 
of a long-range prospective study on the health ef¬ 
fects of exposure to ambient levels of pollutants 
resulting from the burning of fossil fuels. In this 
study, adults between the ages of 25 and 74, se¬ 
lected at random from 6 communities in the east¬ 
ern United States, arc seen every 3 years, and 
school children (initially seen in grades 1 and 2) 
arc seen annually. This report is based on the ini¬ 
tial measurements of pulmonary function and in^ 
formation on respiratory diseases obtained in the 
children only in the 6 cities and relates these mea¬ 
surements to the potential indoor exposure that 
these children have received. 

Methods 

Study design. A total of 9,280 children participated In 
the initial surveys. These children represented !2 sepa¬ 
rate cohorts from 6 cities. Two cities were surveyed for 3 
years, and a new group of first-grade school children 
was added each year. Thus, these cities provided 6 co¬ 
horts. Two cities were surveyed for 2 years giving 4 
more cohorts, and 2 cities were surveyed once. In all the 
cohorts, more than 95 % of the children eligible because 
of their school grade were studied. 

Information about the children*! exposure was ob¬ 
tained from a questionnaire, completed by their 
parents, on the type of home-cooking device and home¬ 
heating fuel, the presence or absence of air condition¬ 
ing, and the presence or absence of adult smokers living 
in the household, as well as requesting permission to 
perform lung function tests on the children in the 
schools. 

Forced expiratory measurements were performed 
using a water-rilled low-inertia recording spirometer. 
The children did not wear note clips and performed the 
laik in a sitting position, but with free movement possi¬ 
ble. Each child had a minimum of 5 and a maximum of 
8 attempts in an effort to obtain at least 3 acceptable 
iracingi. Forced vital capacity (FVC) and forced expira¬ 
tory volume ih 1 second (FEV.) were read from each 
tracing. Values were corrected to body temperature and 
pressure saturated with water vapor (btw) and sum¬ 
marized as the mean of the 3 best efforts that were 
within 170 ml of each other. Standing height in stock¬ 
inged feet and weight were recorded for each child. 


There were 8,866 children (95.5 % of the total seen) 
who were between 6 yrs and 10 yrs of age at the lime of 
their initial survey, but the sample was reduced to 8.120 
children by limiting the analyses to white children. 

For each child included in the study, the lung function 
predicted for his or her height was computed from a re¬ 
gression equation determined by using the children 
studied in the third year of follow-up from 2 of the 
cities. These children, who were gR within the 5 lo 95 
percentiles for their fcrighf corrected for age, were 
chosen for the standard as they provided sufficient 
numbers at each year of age between 6 yrs and 10 yrs 
(6). The difference between the observed lung function 
and the predicted value was obtained. These residuals 
were analyzed using standard analysts of variance 
techniques. 

The reported disease rates were analyzed using log- 
linear models. By this means it was possible to deter¬ 
mine significant interactions between disease, age, sex, 
cohort, city, and home variables. Adjusted rates were 
computed based on models that included the significant 
interactions (7). 

Information regarding the differences in air quality 
associated with different cooking devices was obtained 
by setting up indoor-outdoor monitors in selected 
households. These households were not necessarily the 
homes of children ih the study, but were selected to be 
representative of (he kinds of living patterns found in 
each community. The homes were sampled every sixth 
day for 24 h, and the same lime period in each city. May 
1977 through April 1978, was used in all analyses. Mea¬ 
surements were carried out by a household sampling 
unit, which was placed In an ‘•activity room,** a room 
specifically defined as not being the kitchen or bed¬ 
room. Mass respirable particulates (mass median diame¬ 
ter of 3.5 nm) were collected on milliporc filters (8), and 
NO, wai collected by a bubbler technique and measured 
by the EPA Reference Method, a modified sodium ar- 
senile method (9). 

The data on air pollution levels were first adjusted to 
take into account missing values using a linear mode! 
for day of observation and site. The influence of home 
variables was determined by analysis of variance, with 
appropriate adjustment of the residual degrees of free¬ 
dom. In one household, instantaneous peak levels of 
NO* were monitored in the kitchen within 3 feel of a gas 
stove using a chemiluminescence monitor and a continu¬ 
ous recording. 

ftMUttg 

Assessment of exposure to NOi. About half of the 
homes in all 6 cities had gas cooking stoves, and 
•bout half had electric cooking stoves. (SixAs of 
the homes used some other form of cooking de¬ 
vice, alone or In conjunction with gas and/or elec¬ 
tricity (1.9 or else the type of cooking device 
was not reported |4.1 8%|.) There were, however, 
considerable differences between cities (figure I). 
The distribution of the children by home cooking 
device ranged from a high of 82.2 8% gas cooking 
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Fig. 1. Percentage of homes with gas or electric stoves, by cities. 


stoves in St. Louis to a low of 4.6 in Kingston- 
Harriman (figure I). 

Although the number of homes where air qual¬ 
ity measurements were made is not large, ranging 
between 5 and 11 for different cities, the number 
of 24-h periods for which' matched indoor and 
outdoor data are available is several hundred (la- 
blc l). The homes were divided between gas and 
electric cooking devices, except for Kingston-Hur- 
ritnan where no homes with gas stoves were 
studied. The results show a gradient of NO, levels 
in homes with electric stoves that reflect outdoor 
sources of NO,. High concentrations in Water- 
town were presumed to be caused by the proxim¬ 
ity of homes, and therefore the monitors, to auto¬ 
mobile traffic. A substantial increase in NO, levels 
in homes with gas stoves, except for Steubenville, 
reflects the addition of indoor sources to the out¬ 
door level of NO,. These arc 24-h integrated aver¬ 
ages collected in an “activity room, 11 but not in 
the kitchen. In some cities the daily 24-h levels en¬ 
countered in some households with gas stoves ex¬ 
ceeded the federal standard for the annual average 
of the 24-h NO, levels (lOOjjg/m 1 ). Such levels for 
integrated 24-h values indicated that peak expo¬ 
sures must be substantially higher. This was con¬ 
firmed in 1 household in which instantaneous 
monitoring in the kitchen produced peak levels 
over 1,100 yg/m* for short periods of time when 
the oven was in use and peaks over SOOyg/m 1 
when a single gas burner was on (figure 2); 
Health data. Two sets of data on the children’s 


health were available: data on previous illnesses 
reported on questionnaires completed by parents, 
and data from the current pulmonary function 
tests. The responses to 3 questions about the pre¬ 
vious health of the children were analyzed'. The 
questions asked if there was u history of bronchi¬ 
tis diagnosed by a physician, a history of serious 
respiratory disease before age 2, und a history of a 
respiratory illness in the last year. 

Both the responses to these questions and the 
pulmonary function measurements were tested for 
their relationship to several household variables: 
type of cooking device, nature of fuel used for 
healing, presence of adult smokers, presence of 
air conditioning, and socio-economic status of the 
family. Socio-economic status included both oc¬ 
cupation and educational attainment of the 
parents. 

The 3 reported disease rates were analyzed by 
fitting log-linear models (7). Two of the variables, 
type of home-heating fuel and air conditioning, 
were not related to the disease rates. The social 
class, parental smoking, and type of cooking 
stove variables had differing effects on the 3 dis¬ 
eases when each home variable wax tested alone 
(table 2), As the risk factors themselves were Inter¬ 
related, cadi discare was evaluated In another log- 
linear analysis that included these 3 home vari¬ 
ables simultaneously: In this multivariate analysis, 
the effect of the type of cooking stove had a sig¬ 
nificant association with respiratory disease be¬ 
fore age 2, bui not with the other 2 reported di»- 
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TABLE 1 

INDOOAAND OUTDOOR 24 H LEVELS OF NO, IN 6 U.S CITIES 
_ (M AY 1977 TO APRIL 1976) 

Homo Geometric Mean Level of NO, 95 Percentile Measured Level of NO, 

Cooking 9nymT) 

Unlit - 

£ lec . Outdoor Indoor Outdoor Indoor 


Days trie Oas 


Cily 

l»0.) 

(no > 

(no) 

Etelrtc 

Gat 

Etectrlt 

Gat 

Electric 

Oat 

Electric 

Gat 

PoMtge* 

so 

1 

5 

T2 

0»>* 

59 

(t.ioi 

36 

<M3) 

147 

002) 

31.6 

254 

17.6 

394 

Topeka 

57 

6 

1 

174 

(1.25) 

16-2 

19.4 

(146) 

31.6 

424 

40.7 

41.6 

73.6 

Kingston- 

H immin 

M 

6 

- 

17.2 

H25| 

— 

10.9 

0.43) 

— 

364 

~ 

m 

- 

St Loulft 

56 

3 

e 

330 

n.i n 

37.3 

fl.HI 

17.1 

P01) 

40.6 

M.42) 

644 

709 

634 

794 

Stuubenvm# 

61 

2 

3 

357 

ooo) 

333 

(05) 

219 

(259) 

274 
(2 24) 

62.9 

174 

74.5 

1039 

Watertown 

59 

2 

5 

491 

P.42) 

49.2 

(1.10) 

41.43 

(1.14) 

544 

(Utl 

1016 

106.3 

954 

1164 


• o* YOmonm temple 

I r*o#*»t 2 * N tiendard • tOO ppm 1 . 

* Number W) ee*e*tt«e*e« »r* oeometrtc standard deviation*. 



eases (table 3). Parental 

'— 

Ms 

Disease rales adjusted Tor parental 
smoking, social class, and city-cohort resulted in a 
difference of 35/1.000 among males and 30/1,000 
among females between children in homes with 
dilfcre.nl cooking stoves. l.owct rales were found 
m children of households with electric stoves for 


each sca in each city-cohort adjusted for parenial 
smoking and social class (figure 3). The effects of 
parental smoking and city-cohort on respiratory 
disease before age 2 are not independent, but the 


effect of the type of cooking stove appeared to be 
related to the olher home variables. 

To assess the effect of home factors on pulmo¬ 
nary function in these children, the difference be¬ 
tween the expected and observed FVC and FEV, 
was calculated for each child. The effect of cohort 
(yr of study and city) and the same home variables 
on the residual pulmonary function were assessed 
by analysis of variance. Preliminary regression of 
lung function on socio-economic status showed 
no relationship. There was a significant effect (p 
< .01) of cohort on both FEV, and FVC. Thus, 
from city to city and from year to year there were 
differences in the height-adjusted pulmonary 


<>*t* Ov** *M 
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I «K 2 InM.intauciMis monitoring of NO, in the kitchen I meter from gas Move. Number* along ihe 
ah>viv\j rcptewni h\ in the day through I A.M. No venting wav uved 
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respiratory disease in children exposed to no, 


TABLE 2 

single factor ooo ratios ior) and «s% confidence limits <ci> 

FOR HOME VARIABLES AND REPORTED DISEASE RATES 






;SOCtElC*EM 


PsrantEl 

SmoRlng 


fHOM OooWftfl 


History of doctor* 




diagnosed bronchitis 

CL 

J6-1.0B 

*4-i*e 

.7*-0*1 

Serious respiratory 

OR 

1.13 

141 

1.12 

Illness Mora age 2 

CL 

1.01-17B 

1.12-1*7 

140-146 

Respiratory Illness In the 

OR 

1.13 

Ul 

0*4 

last year 

CL 

IDS-175 

1.02-1*9 

.48-1*5 




funciion levels In there children, after adjusting 
for city-cohort effect*. There were no significant 
association* between the presence of air condi¬ 
tioning in the home and lung function measure¬ 
ments (table 4). Although the association between 
parental smoking and FVC was significant at the 5 
to level, with an average range of 13 ml, the result 
was the opposite of that anticipated, and there 
was no association between FEV» and parental 
smoking. Home heating and FEVi residuals were 
also significantly associated at the 3 to level. The 
over-all means covered a 28-ml range and the or¬ 
dering from low to high was oil, gas, electric. 

Although FEV, residuals were affected by 
home heating fuels, the most consistent and sig¬ 
nificant finding was the lower levels of both FVC 
and FEV, in children whose homes had gas cook¬ 
ing stoves compared with those whose homes had 
electric stoves. The over-all effect of home cook¬ 
ing, after correcting for cohort effect, was 16 ml 
and 18 ml!, respectively, for FEV, and FVC. This 
effect is apparent in almost alt the cohorts. For 
FEV, in to of 12 cohorts, the children in homes 
with gas stoves had lower funciion than children 
in homes with electric stoves (figure 4). For FVC, 
only 1 of the cohorts (St. Louis, first year), did 
not show lower levels of pulmonary function in 
children liv ing iiv homes w iih gas stoves compared 
with those living in homes with electric stoves 
(figutc 4). An unexpected finding in these data 


was the low tevd of pulmonary function measured 
in Topeka, which is a city with generally lower 
level* of ambient pollution. In an attempt to 
investigate this finding, we tested the effect of dif¬ 
ferent interviewers, we reread the spirometer trac¬ 
ings to test the effect of readers, and we compared 
the values obtained on each spirometer by month 
of study to test the possibility of a defective ma¬ 
chine. None of these tests explained the lower pub 
mo nary function values. In addition, the distribu¬ 
tion of height for age of the children in Topeka 
did not differ significantly from the other cities. 
We were thus left with the observation that the 
pulmonary funciion measurements in the children 
in Topeka were lower than in other cities and 
must assume that it was a cohort effect needing 
further study. 


Dlacuaalon 

The significant associations found in this analysis 
were between home cooking stoves and both ill¬ 
ness history and lung funciion. fewddHkm^sfccrg? 
-^^yUto c i ^ n between panStafsiivokmg aif* 
disease history: The Importance of these findings 
rests with the interpretations of these significant, 
albeit relatively small, changes. Sufficiently large 
groups arc being studied to observe minor dif¬ 
ferences between them. The si/c of the difference* 
found was con si vt cut with the anticipated tnagni- 


TABLE 3 

values of g»* for specified disease rates for each home variable 

AFTER ADJUSTING FOR THE OTHER TWO HOME VARIABLES 

Social Class Parental Smoking Mom* Cooking 


G* 

P 

O' 

P 

G' 

P 

0 70 

NS 

1.10 

NS 

1.90 

NS 

4.12 

<05 

10.21 

<01 

6.70 

<-01 

2.12 

NS 

4.38 

<05 

0.14 

NS 


History or doctor-diagnosed bronchitis 0 70 NS 1.10 NS t.90 NS 
Serious respiratory “Inoes before age 2 4.12 < 03 10.21 < 01 6.70 < 01 

Respiratory illness in the last year 2.12 NS 4.38 < 05 0.14 NS 

* G* it«iikthhood ttaninc dtnvrt from iha logtinaar analyses and is 0 '.mtxrieO. if> each csss. Ms a cht 

**lh oi rtreJ.im 
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Fig. 3. Ropiraiory Hines* before age 2 standardised fw parental smoking and soda) dau by cohort* in 
children 6 to 10 yn old. Main and females separately by cohort and gat or ekeirk stoves. 

tude of effect of environmental agents (III), and ported to reach approximately I ppm (1,880 

the home measurements of air quality are tuppor* fig/m 1 ) for periods of 10 to 13 min. This was con- 

live. firmed in 1 household during continuous moni- 

Thc evidence that homes with gas cooking toring. Similarly we know from both our own In- 

stoves have higher levels of NO, than similar vestigaiion and from the studies of Hinds and 

homes with electric stoves has been demonstrated associates (12) that the mass respirable particulate 

a number of times (4, 5). and peak levels men- loads in households with smokers can be several- 

sured over ga\ stoves have on occasion been re- fold higher than in nonsmoking households. 



TABLE 4 

ANALYSIS OF VARIANCE OF CHILDREN'S LUNO FUNCTION FOR HOME VARIABLES 
(CITY-COHORT ADJUSTED)* _ 

Lung Function Rattdualt 



Child ran 

FEV. 


FVC 


Horn* Variable 

(no.) 

wn 

F Ratio 


F Ratio 

Cooking fuat 

B.80J 

_ 

— 

_ 

_ 

0«t 

3,274 

-.008 

ant 

-.000 

TMt 

aiectric 


4 .008 

4.000 

Homa tuat 

8,734 





on 

1.410 

- .011 


-.008 


Oat 

4,432 

4.001 

3.2#* 

-.008 

0.78 

•Itctrtc 

883 

4.017 


4 .010 


Air conditioning 

7.128 

— 


— 


non# 

2.888 

-.001 


- 002 


partial 

2,383 

4.003 

061 

4 008 

1.22 

cantral 

i,ooe 

-.003 


-.004 


Parontaltmoking 

5.842 

— 


— 


norm 

1.724 

- 001 

.03 

- on 

8?B« 

5om« 

4,118 

4.00c 

4 .004 
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Fig. 4. Forced expiratory volume In I » and forced vital 
capacity residuals by cohort and gai and electric Hove* In 
children 6 to 10 vn oW. tNumbcri under the FEV, valuer 
are the same for FVC values.) 

Other factors affecting the association between 
the disease and either the presence of gas stoves or 
smoking in the household seem to hove been ex¬ 
cluded (c.g., socio-economic status, presence of 
air conditioning, and the type of healing fuel). 

In considering the importance of these findings, 
a number of potential sources of bias must be 
evaluated. The questionnaire information on 
disease rales for nn individual child depends on 
the recall ability of the parenls, and it may be 
biased by the present status of the child. The 
responses also may be biased by the parents’ lack 
of knowledge. No attempt was made to have doc¬ 
tor confirmation of diagnosed disease confirmed 
independently. It seems unlikely, however, that 
any biases introduced by these means would be 
related lo the type of home cooking stove consis¬ 
tently lot each city and each cohort. 

The gtHHl response tale, ami the var ying plan 
that cnsuics that all potentially available children 
are seen means that the samples arc representative 
of I lie cities. 

The pulmonary function data arc potcntiully 
subject to different: sources of bias than the ques¬ 
tionnaire data. These include possible interviewer 
bias, malfunctioning machine, and biased reading 
of ihc spirometer tracing. All these sources of bias 
have Ikcji looked lot am! have not been found. In 


any case, neither the field screcnm nor the 
readers were aware of Ihc individual child's home 
environment when the spirometry was performed 
or when the tracings were read. Thus, we cannot 
attribute any bias to association with home vari¬ 
ables. 

Essentially, the interpretation of the pulmonary 
function finding relates to the sensitivity of the 
measurement and the biologic expectation of the 
magnitude of anticipated effect in a group of chil¬ 
dren between 6 yrs and 10 yn of age. Wc used 
FEV, as a measure of air flow obstruction in these 
children, not because wc believed it to be the best 
measure of early obstruction, but because our 
plan Is lo follow these children over several years. 
After several yean they will be at a point at which 
a stable estimate of change in pulmonary function 
can be related to our understanding of the devel¬ 
opment of adult obstructive airways disease. In 
these children, many of whom can empty their en¬ 
tire FVC in less than 2 s, the FEV, docs not mea¬ 
sure obstruction as much as it measures FVC. 
Thus, It is reassuring to find similar changes in 
both measures when trying to understand the sig¬ 
nificance of any given findihg. 

Our understanding of the bk>k>gy of lung 
growth and the nature of the onset of obstructive 
lung disease in adult life lead us to believe ihai 
only minor difference In the rale of functioning 
lung growth in young children could lead lo these 
children not reaching their full adult lung size.. 
(Wc arc using FVC av a crude indicator of lung 
size recognizing that the TLC includes not only 
FVC but also l he residual volume, which is not be¬ 
ing measured in these field studies.) We do not 
know whether failure to reach full adult lung si/c 
is related lo the subsequent susceptibility of dcsel¬ 
oping obstructive lung disease, but ii is not an 
untenable hypothesis that those persons with 
minor impairment of total lung growth arc more 
susceptible to rapid decline in pulmonary funenon 
in adult life (13). 

These results differed from those reported in 
the literature to date only in modest ways. The 
findings of Melia ami uvworkers (?) regatdmg 
lower respiratory tract illness rates in children 
whose homes have gas stoves were similar. I hat 
study was criticized because it did not have smok¬ 
ing data. In this study the adjustment of rates of 
illness before age 2 for smoking led lo a clear 
association with gu\ cooking devices; however, 
the adjustment of the other 2 historical disease in¬ 
dicators reduced the associations found. The 
study of Keller and associates (14) of both adults 
mid children in n selected sample of households 
suggest no tisa*ciution of gits Moves with respira- 
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lory disease rales. This study measured incidence 
of acute respiratory disease over the course of 1 
year; hut the number of children studied was quite 
small and clearly did not represent a genera! popu¬ 
lation Bouhuvs and co-workers (15) did study 
popular ion* based samples of children and adulrs, 
but out of the 7,000 persons studied only 165 
children between the ages of 7 yrs and 14 yrs were 
included from the 2 communities under investiga¬ 
tion (16). Thus, the fact that they were unable to 
find an association with home cooking devices 
may be attributed to the small number studied. 

Tager and associates (17), using a different indi¬ 
cator of airways obstruction (mid-maximum ex¬ 
piratory flow). found an association between the 
pulmonary function levels in children and the 
number of smokers- in the household. No such 
association using Il liV, was found in this study. 
This may mean that the airways obstruction 
measurement was insensitive. 

Further follow-up of these cohorts arc under¬ 
way. Because these data deal with retrospective in¬ 
formation, the initial findings reported here need 
replication to ensure that some subtle bias or 
alter name explanation for the findings has not 
been overlooked. If the relative position of these 
children's lung sizes changes on repealed assess¬ 
ment. it will he important to assess the factors that 
influence the change. These factors may include 
changes in ambient pollution (outdoor levels) or 
changes in personal pollution (indoor exposures 
and cigarette smoking). In addition, other per¬ 
sonal factors such as frequency of respiratory in¬ 
fections, familial history of disease, or other 
recognized potential risk factors for developing 
chronic obstructive respiratory disease not dis¬ 
cussed in this report w ill need to be considered. 
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